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Abstract 

The light collected from remotely sensed imagery taken from space must travel through the 

Earth’s atmosphere.  Therefore, the pixel values recorded are a combination of the actual 

reflectance of the Earth’s surface and the specific atmospheric conditions that existed at the 

time of collection.  In order to conduct highly accurate analysis of satellite imagery, the effects 

of the atmosphere must be removed leaving only the true reflectance values of the surface of 

the Earth.  There are many atmospheric compensation algorithms available  that attempt to 

remove these atmospheric influences.  The objective of this project is to compare three 

atmospheric compensation algorithms for remotely sensed imagery: DG AComp, FLAASH and 

QUAC.  DG AComp is a proprietary method developed by DigitalGlobe  and FLAASH and QUAC 

are commercially available software packages in ENVI.  FLAASH requires the manual input of 

atmospheric conditions.  Since this data is rarely known for satellite imagery, images will be 

processed through FLAASH twice, once with user estimated atmospheric conditions to 

represent the results of the average user and once with the atmospheric parameters 

automatically obtained from DG AComp to determine if having a priori knowledge of 

atmospheric conditions improves the accuracy of FLAASH.   The test data for this study includes 

80 WorldView-2 images with 20 images over each of the following four US cities: Fresno, 

California, Jacksonville, Florida, Longmont, Colorado and Phoenix, Arizona.  All images have 

exactly the same geographic extent in each respective city and images were selected with 

varying haze, season and collection geometry.  This study will focus mainly on the accuracy of 

the atmospheric compensation algorithms by comparing the corrected images to in-situ 

reflectance measurements of various surface types collected at each city.   In addition to 

accuracy, the study will also assess ease of use, processing time requirements and mosaic 

implications. 

 

Introduction 

Collecting imagery of the Earth from an orbiting satellite has many advantages.  Satellites can 

capture imagery with a much larger footprint than aerial methods.  With satellites it is possible 

to image remote or inaccessible regions that would be impossible or impractical to collect by 

other means.  Additionally, satellite images provide a historical data archive that can be used in 

change detection or environmental studies.  As satellite imaging systems become more 

sophisticated, higher spatial resolution is being achieved.  For example WorldView-3 can image 

at 31cm, which is as good as some aerial applications, and has 16 multispectral bands.   

One of the greatest disadvantages of imaging from space is the requirement to peer through 

the entirety of the Earth’s thick atmosphere.  There are a number of atmospheric conditions 



that can alter the true surface reflectance of ground features including: haze, aerosols, clouds, 

water vapor and Rayleigh scattering.  In addition to atmospheric conditions, the angle of the 

sun can also affect the light collected by the imaging sensor.  Since most satellite imaging 

systems rarely collect at nadir, collection angle is also a factor that can have an effect on 

reflectance values.  To further complicate things, electromagnetic radiation is scattered and 

absorbed by the atmosphere differently depending on wavelength.  Furthermore, atmospheric 

conditions on Earth are highly variable, both spatially and temporally.   For these reasons, 

information on atmospheric composition at the time of collection is sparse at best and is 

usually non-existent.  Despite these complexities, many atmospheric compensation algorithms 

exist for satellite imagery with varying levels of effectiveness. 

The goal of atmospheric compensation is to remove the effects of the atmosphere from 

remotely sensed images leaving only the true reflectance values of the Earth’s surface.  Besides 

increasing the accuracy of the spectral data within an image, atmospheric compensation also 

converts from arbitrary digital number (DN) values to true reflectance values ranging from 0 

(pure black) to 1 (100% reflective surface).  This enables the extraction of information using 

physical quantities and normalized data values for consistency across geographic space and 

time.  The applications of atmospheric compensation are endless.  Removing the effects of the 

atmosphere results in more accurate image classifications and allows for more consistent 

results from automated classification algorithms, especially between multiple sensors since 

data values are normalized.  The normalization of data values and removal of atmospheric 

influence also allows for accurate change detection regardless of differing atmospheric 

conditions, time and date of collect and sensor.  Environmental studies that use band ratios 

such as Normalized Difference Vegetation Index (NDVI) rely heavily on accurate spectral data to 

determine the health of crops and forests.  Another application of atmospheric compensation is 

the creation of aesthetically pleasing large scale orthomosaics.  Since atmospheric 

compensation normalizes images to their actual reflectance values, multiple images taken over 

the same area should look very similar regardless of the specific atmospheric conditions that 

existed at the time of collection. 

 

QUAC 
 

QUAC stands for QUick Atmospheric Correction.  It was developed by Spectral Sciences Inc. and 

is available in ENVI through the Atmospheric Correction Module.  QUAC does not require a 

priori knowledge of atmospheric conditions because atmospheric correction parameters are 

determined directly from the observed pixel spectra in a scene.  QUAC is based on the empirical 

finding that the average reflectance of a collection of diverse material spectra i s essentially 

scene-independent which should translate to faster computational  times compared to first-

principles methods such as FLAASH and DG AComp.  In addition to quick processing time, 



another advantage of QUAC is that it works on all image sensors even if the sensor does not 

have proper calibration data.  A disadvantage of QUAC is that it is not as accurate as other 

atmospheric compensation algorithms, generally producing reflectance spectra within about 

15% of physics-based first-principles methods (according to the ENVI user’s guide).  

Furthermore, the atmospheric correction applied by QUAC is global, meaning that the same 

correction is applied to the entire image regardless of varying atmospheric conditions within 

the scene. 

 

FLAASH 

 

FLAASH stands for Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes.  Like QUAC, 

it is available in the Atmospheric Correction Module in ENVI and was developed by Spectral 

Sciences Inc.  Unlike QUAC, FLAASH is a physics-based first-principles atmospheric correction 

using the MODTRAN radiation transfer code.  MODTRAN, developed by the US Air Force 

Research Laboratory and Spectral Sciences, stands for MODerate resolution atmospheric 

TRANsmission and is a computer program designed to model atmospheric propagation of 

electromagnetic radiation.  Since it is a first-principles atmospheric correction, FLAASH is 

considered to be generally more accurate than non-physics based models such as QUAC.  

FLAASH is a highly established atmospheric compensation algorithm and over time has added 

support for most multi-spectral and hyper-spectral remote sensing platforms.  Although 

FLAASH is generally more accurate than QUAC, it’s increased complexity results in longer 

processing times.  Additionally, FLAASH requires: the conversion of input imagery to a very 

specific format, manual input of image characteristics and requires knowledge of atmospheric 

conditions.  Since the specific atmospheric conditions at the time of collect for satellite imagery 

are seldom known, most of the time the user must make estimations based on image 

properties, which could have a significant effect on the accuracy of the correction.  Unless 

specific hyper-spectral bands are available, the atmospheric correction using FLAASH is global.  

Since this study uses WorldView-2 imagery, which is a multi-spectral sensor, the correction 

using FLAASH does not take into account varying atmospheric conditions within the image.  

 

DG AComp 
 

DigitalGlobe Atmospheric Compensation (DG AComp) is a proprietary atmospheric correction 

method developed by DigitalGlobe.  DG AComp is similar to FLAASH in that it is also a physics-

based first-principles atmospheric correction algorithm which uses the MODTRAN radiation 

transfer code.  However, rather than requiring the manual input of atmospheric conditions, DG 

AComp uses an iterative process to automatically determine and assign model parameters 

using the observed pixel spectra in a scene and therefore, does not require any user knowledge 



of atmospheric conditions.  The utilization of a physics-based first-principles atmospheric 

correction with accurate, automatic model parameters results in very high accuracy.  However, 

similar to FLAASH, an increase in model parameters results in longer processing times 

compared to QUAC.  Unlike QUAC and FLAASH, DG AComp produces an Aerosol Optical Depth 

(AOD) map and applies the atmospheric correction on a pixel to pixel basi s (see Figure 1).  This 

allows for an atmospheric correction tailored to each part of the input image depending on the 

specific atmospheric conditions present in that portion of the scene.  This results in higher 

overall accuracy than can be achieved with a global correction, especially when the scene 

contains highly variable atmospheric conditions.  An added benefit to a pixel to pixel correction 

is the mitigation of apparent haze in the imagery.  Of the three algorithms evaluated in this 

study, DG AComp is the newest atmospheric compensation method and therefore, is currently 

supported for a limited number of sensors.   

 

Figure 1: Original image (left) and AOD map (right) generated by DG AComp.  The AOD map is used for 

the application of a pixel to pixel atmospheric correction. 

 

Ease of Use 

Both DG AComp and FLAASH are fully automated and extremely easy to use.  Only the 

specification of input and output image is necessary.  For this reason it is very easy to set up 

batch processing making it easy to process many images without continual manual interaction 

by the user.  

 

 FLAASH on the other hand is significantly more complicated for the user.   First of all, the input 

image for FLAASH must be a radiometrically calibrated radiance image in band-interleaved-by-

line (BIL) or band-interleaved-by-pixel (BIP) format and must have floating point values in units 



of µW/cm2 * nm * sr.  Since images are not usually delivered in this format, imagery must be 

manually converted before FLAASH can be run.  This not only complicates the process, but also 

adds extra processing time.  Once the input imagery is in the correct format, the user must 

manually input image characteristics from metadata such as: sensor, scene coordinates, ground 

elevation, flight date and time, zenith angle and azimuth angle.   The most complex aspect of 

running FLAASH is the requirement to manually input atmospheric parameters.  Scientific 

measurements for local atmospheric conditions at time of collect are extremely rare for 

remotely sensed imagery.  Therefore, the user must infer information about the atmosphere 

from the appearance of the source images.  First, the user must select a standard MODTRAN 

atmospheric model based on water vapor content.  If no water vapor content is available, the 

user must select a model from a table based on collection month and image latitude.   There is 

also an option for a water column multiplier which is normally left at defaul t if atmospheric 

measurements are not available.  Next, the user must select an aerosol model based on scene 

content.  Choices for aerosol model include: rural, urban, maritime and tropospheric.   Finally, 

the user must estimate initial visibility, which is related to AOD, from the appearance of the 

imagery.  This is a difficult and somewhat subjective task.  The FLAASH user’s guide gives the 

guidance shown in Figure 2.  Due to the preprocessing and manual input steps, it is significantly 

more difficult to set up batch processing for FLAASH making automation of multip le image runs 

much more complex compared to QUAC and DG AComp. 

 

 
Figure 2:  Guidance from the FLAASH user’s guide on how to estimate  a value for initial visibility based on 

the appearance of the input imagery. 

 

 

FLAASH Processing for this Study 
 

Since measured data for local atmospheric conditions at time of collect is rarely known for 

satellite imagery, images will be processed through FLAASH twice, once with user estimated 

atmospheric conditions to represent the results of the average user and once with the 

atmospheric parameters automatically obtained from DG AComp to determine if having a priori 

knowledge of atmospheric conditions improves the accuracy of FLAASH.  In this study, FLAASH 

run with user estimated atmospheric conditions will be referred as “FLAASH (blind)” and 



FLAASH run with atmospheric parameters derived from DG AComp will be referred to as 

“FLAASH (AComp)”.  After running DG AComp, a text file is produced with atmospheric model 

parameters determined to be ideal.  Model parameters used as input for FLAASH (AComp) 

include: atmospheric model, aerosol model, initial visibility and water column multiplier.  

 

 

Source Imagery Overview 

 

All source imagery used in this study was captured by WorldView-2, a sophisticated Earth 

imaging satellite which launched in 2008 and was engineered and manufactured by ITT Space 

Systems Division for DigitalGlobe.  Orbiting the Earth at an altitude of 770 kilometers, 

WorldView-2 collects multispectral imagery at a ground sample distance of 1.85 meters at nadir 

(2 meter imagery was used for this study).  With an 11-bit dynamic range, WorldView-2 

produces 2,048 grayscale values in each of it’s 8 multispectral bands.  In addition to the red, 

green, blue and NIR bands of most multispectral imaging satellites, WorldView-2 also includes 

coastal, yellow, red edge and an additional NIR band (see Figure 3).  The satellite has a sun 

synchronous orbit with a 10:30am descending node, which means that every image is collected 

at approximately the same local time depending on off nadir angle (ONA).  

 

 
Figure 3: The 8 spectral bands of WorldView-2 (http://www.landinfo.com).  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.landinfo.com/WorldView2.htm&ei=ImwxVZqKGZCNyATA14DoCw&bvm=bv.91071109,d.cGU&psig=AFQjCNEyItHv-J6BH4iQ1F41GHc477SCjg&ust=1429388693988099


Four areas of interest (AOIs) were chosen for this study: Fresno, California, Jacksonville, Florida, 

Longmont, Colorado and Phoenix, Arizona.  With hundreds of WorldView-2 images available for 

each of these areas, 20 images over each AOI were selected.  All images have exactly the same 

geographic extent in each respective city and images were selected to give a wide range of 

haze, season and collection geometry.  See Appendix 1 for an overview of each AOI including: 

image size, image dates, collection angles and average AOD (haze) values. 

 

 

Accuracy - Methodology 

 

In order to evaluate the accuracy of each atmospheric compensation method tested, 

reflectance values derived from each algorithm were compared to in-situ measurements of 

various surface types.  In-situ measurements were obtained for each of the four AOIs by 

DigitalGlobe using an ASD Handheld VNIR Spectroradiometer.  A total of 12 surfaces were 

measured on site (see Figure 4). 

 

Fresno, California Jacksonville, Florida Longmont, Colorado Phoenix, Arizona 

Concrete Sand Concrete Concrete 

Asphalt Black Surface Asphalt Asphalt 

 Asphalt   

 Blue Surface   

 Green Surfaces (2)   

 

Figure 4: Surfaces measured on site.  



 

 

Reflectance values were derived from the atmospherically corrected imagery in ENVI using the 

ROI (Region of Interest) Tool (see Figure 5). 

 

 
 

Figure 5:  Spectral statistics for a measurement of asphalt in one of the corrected images of Fresno, 

California shown in the ENVI ROI Tool.  



Accuracy – Results 

 
Accuracy by Surface 

 

Fresno, California 

 

Two surfaces were tested in Fresno, California: concrete and asphalt.  For both surface types 

tested, DG AComp provided the most accurate results followed by FLAASH (blind), FLAASH 

(AComp) and QUAC.  It is interesting to note that running FLAASH with user estimated 

atmospheric conditions yielded slightly more accurate results than running FLAASH using 

atmospheric parameters derived from DG AComp.  However, this was not typical as FLAASH 

(AComp) was more accurate than FLAASH (blind) for 9 of the 12 surfaces tested.  

 

 
Figure 6: RMSE values for surfaces tested in Fresno, California.  



Jacksonville, Florida 

 

Six surfaces were tested in Jacksonville, Florida: sand, black surface, asphalt, blue surface and 2 

green surfaces.  Again, DG AComp was the most accurate atmospheric compensation algorithm 

tested for all 6 surfaces.  FLAASH (AComp) was the second most accurate compensation 

method for all of the surfaces except one.  The exception was the black surface where FLAASH 

(blind) was slightly more accurate than FLAASH (AComp).  QUAC was the least accurate method 

tested for 5 of the 6 surfaces in Jacksonville as QUAC was slightly more accurate than FLAASH 

(blind) for one of the green surfaces.   

 

 
Figure 7: RMSE values for surfaces tested in Jacksonville, Florida. 



Longmont, Colorado 

 

Longmont, Colorado included two surfaces: concrete and asphalt.  Similar to the previous two 

cities, DG AComp was the most accurate for both surface types followed by FLAASH AComp.  

FLAASH (blind) was more accurate than QUAC for asphalt but QUAC beat out FLAASH (blind) for 

concrete. 

 

 
Figure 8: RMSE values for surfaces tested in Longmont, Colorado.  



Phoenix, Arizona 

 

Concrete and asphalt were also the surfaces tested in Phoenix, Arizona.  Both surfaces yielded 

similar accuracy results to the surfaces tested in the other cities with DG AComp providing the 

most accurate results followed by FLAASH (AComp), FLAASH (blind) and QUAC.  

 

 
Figure 9: RMSE values for surfaces tested in Phoenix, Arizona. 

 

 

*See Appendix 2 for box plots of ASD measurements compared to values obtained by the 

atmospheric compensation methods for each surface.  



Accuracy by Surface Type 

 

There were a total of six surface types used in this study: asphalt, concrete, black surface, blue 

surface, green surface and sand.  For all six of these surfaces, DG AComp was the most accurate 

atmospheric compensation method and QUAC was the least accurate method.  FLAASH 

(AComp) was more accurate than FLAASH (blind) for all of the surfaces except the black surface.  

 

 
 

Figure 10:  Accuracy by surface type.  
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Accuracy by Spectral Band 

 

An analysis of accuracy by spectral band yields very similar results to accuracy by surface and by 

surface type.  The graph below shows the RMSE for each atmospheric compensation algorithm 

by each of the 8 WorldView-2 spectral bands.  DG AComp is the most accurate in all 8 bands 

followed by FLAASH (AComp).  FLAASH (blind) is more accurate than QUAC in 7 of the 8 bands.  

Only the red band is more accurate in QUAC than FLAASH (blind).  In addition to the spectral 

band accuracy of the tested atmospheric compensation algorithms, the graph also shows the 

reference Bidirectional Reflectance Distribution Function (BRDF) for each of the spectral bands.  

BRDF is a function that defines how light is reflected at an opaque surface and is calculated as a 

deviation from the median of the ASD measurements.  This is showing that some of the 

variability (about 1%) is due to the properties of the surface. 

 

 
Figure 11:  Accuracy by spectral band.  

0

0.02

0.04

0.06

0.08

0.1

0.12

C B G Y R RE N1 N2

R
M

SE

Spectral Band

Spectral Band vs. RMSE

DG AComp

FLAASH (blind)

FLAASH (AComp)

QUAC

Reference BRDF



Overall Accuracy 

 

When taking into consideration all data points in this study, DG AComp had the best accuracy 

with an overall RMSE of 0.0253.  The next best atmospheric compensation algorithm in terms of 

accuracy was FLAASH (AComp) which had nearly double the error of DG AComp at 0.0504 

RMSE.  This was a 36% improvement in accuracy over FLAASH (blind) which had an RMSE of 

0.0683.  QUAC had the lowest accuracy of any of the tested atmospheric compensation 

methods with an RMSE of 0.0911 which is nearly double the error of FLAASH (AComp) and 

almost 4 times the error of DG AComp. 

 

 

 
 

Figure 12:  Overall accuracy.  



Accuracy – Discussion 

 

The results of the accuracy evaluation in this study show clear evidence that DG AComp is the 

most accurate atmospheric compensation algorithm tested with an overall RMSE of 0.0253.  DG 

AComp was nearly twice as accurate as the nearest competitor, FLAASH (AComp), which had an 

overall RMSE of 0.0504.  Additionally, DG AComp had the best accuracy for each surface, 

surface type and spectral band.  In second place, FLAASH (AComp) was more accurate than 

QUAC for each surface, surface type and spectral band and was more accurate than FLAASH 

(blind) for 9 of 12 surfaces, 5 of 6 surface types and all 8 spectral bands.  This information 

coupled with the fact that the overall accuracy of FLAASH (AComp) was 36% more accurate 

than FLAASH (blind) is strong evidence that FLAASH is more accurate when the user can utilize 

measured information from the atmosphere rather than having to make estimates based on 

image characteristics.  However, even with information on atmospheric conditions, DG AComp 

is still significantly more accurate.  QUAC had the worst accuracy of the atmospheric 

compensation methods tested with an overall RMSE of 0.0911.  

 

 

Processing Time 

 

In order to accurately evaluate processing time requirements, the run time for each 

atmospheric compensation algorithm was tracked for every image processed.  As expected, 

since it is a less robust algorithm than FLAASH and DG AComp, QUAC produced the fastest 

processing times.  QUAC took a total of 592 minutes to process the 80 source images, which 

averages to 6.3 minutes per image and 3.1 minutes per 100 km2 of 2-meter resolution imagery.  

In terms of actual processing time, FLAASH and DG AComp were very similar.  FLAASH took a 

total of 710 minutes to process the 80 source images, averaging 8.9 minutes per image and 4.4 

minutes per 100 km2 which is 41% longer than QUAC.  DG AComp took 9% longer to process 

than FLAASH with a total run time of 774 minutes, which averages to 9.7 minutes per image 

and 4.8 minutes per 100 km2.  However, FLAASH, unlike DG AComp and QUAC, requires 

preprocessing steps and manual input of image characteristics and atmospheric conditions.  

This process took an average of 6 minutes for each image regardless of image size.   When this is 

taken into consideration, the total FLAASH processing time for this study increased by 480 

minutes (68%) resulting in an average of 14.9 minutes per image which is 54% longer than DG 

AComp.  Of course, since manual input time is static, images of increasing size would eventually 

favor FLAASH over DG AComp in terms of processing time.  The input image size at which 

FLAASH (including preprocessing and manual input) and DG AComp have the same run time is 

1,667 km2.  It is possible to have a satellite image that covers this large of an area but a vast 

majority of high resolution satellite images are smaller than this.  Therefore, unless the input 



image is very large, DG AComp is faster than FLAASH when preprocessing and manual input 

time are taken into consideration.   

 

 
Figure 13:  Average processing time per image.  



Mosaic Implications 

 

The generation of orthorectified mosaics from satellite imagery is a staple of commercial 

satellite remote sensing companies.  The goal is to stitch together several satellite images to 

achieve a final product that appears to be a large single image.  This can be a surprisingly 

challenging task.  Different atmospheric conditions at the time of collect make it difficult to 

match satellite imagery for the purpose of creating seamless orthomosaics.  This is especially 

true when varying levels of haze are present in an image because most mosaic generating 

remote sensing software can only apply a global stretch to each image making it impossible to 

tonally balance entire images to each other.  Atmospheric compensation has the potential to 

help create better matching, more aesthetically pleasing mosaics because it normalizes images 

to their actual surface reflectance.  Therefore, mosaics should appear more seamless  regardless 

of differing atmospheric conditions in adjacent images.  Although not advertised as haze 

reduction, atmospheric compensation can mitigate the effects of haze, especially if applied on a 

pixel to pixel basis.  Atmospheric compensation can also help to cut through the hazy 

appearance of most satellite images resulting in images with more visual contrast.   

 

To test the effectiveness of the tested atmospheric compensation methods for creating 

aesthetically pleasing mosaics, clear and hazy images were selected from each city to mosaic 

together.  A standard deviation stretch was then applied to the resulting mosaics.  It should be 

noted that FLAASH (AComp) was used for the FLAASH mosaic since it was more accurate overall 

than FLAASH (blind).  



Fresno, California 

 

The Fresno, California mosaic started with a clear image on the left and a very hazy image  on 

the right.  Running QUAC resulted in a degradation in quality for the purposes of mosaic 

generation since the corrected images do not even match as well as the original imagery.  The 

FLAASH mosaic is an improvement over the original imagery in that the  images are more closely 

matched but the overall image is lacking contrast.  Also, it appears that FLAASH may have 

overcorrected the hazy image which now appears less hazy when compared to the corrected 

clear image.  DG AComp not only radiometrically matched the images very well, it also boosted 

the visual contrast resulting in a more aesthetically pleasing mosaic.    

 
Figure 14:  Mosaic results for Fresno, California. 



Jacksonville, Florida 

 

The original imagery for the Jacksonville, Florida mosaic includes a hazy image on the left and a 

clear image on the right.  The results obtained from the atmospheric compensation algorithms 

are nearly identical to the results in Fresno, California.  Processing through QUAC made the 

images worse for mosaic generation.  FLAASH resulted in a slightly better match but the images 

are severely lacking in contrast.  As with the Frenso FLAASH run, it appears that the hazy image 

was overcorrected since the image that was originally clear now appears to be hazier in the 

corrected mosaic.  DG AComp provides the best results in both radiometric matching and visual 

contrast. 

 
Figure 15:  Mosaic results for Jacksonville, Florida. 



Longmont, Colorado 

 

The Longmont, Colorado input imagery consists of a cloudy/hazy image on the left and a clear 

image on the right.  Also, the imagery appears to have seasonal differences with the left image 

containing more vegetation than the right image.  Unlike the previous mosaics, the results from 

the QUAC run slightly improved the quality of the original imagery for the purposes of mosaic 

generation despite the seasonal differences.  The images match each other better than the 

original and have reasonable visual contrast.  The FLAASH mosaic is similar to the previous tests 

in that the images match slightly better than the original but are lacking in visual contrast.  DG 

AComp improved both the radiometric matching and the visual contrast.  Another observation 

to note is the reduction in visual haze in the DG AComp mosaic as a result of the pixel to pixel 

correction rather than a global correction. 

 
Figure 16:  Mosaic results for Longmont, Colorado. 



Phoenix, Arizona 

 

The original imagery for Phoenix, Arizona includes a very hazy image on the left and a clear 

image on the right.  Similar to the results for Fresno and Jacksonville, QUAC resulted in a 

degradation in quality for the purposes of mosaic generation as the corrected imagery using 

QUAC matches slightly worse than the mosaic generated from the original imagery.  The 

FLAASH results for the Phoenix mosaic were consistent with the previous cities.  The imagery 

matches better but is lacking in visual contrast.  DG AComp resulted in the highest quality 

mosaic by radiometrically matching the images very well, increasing visual contrast and 

reducing visual haze. 

 
Figure 17:  Mosaic results for Phoenix, Arizona. 



Mosaic Implications Discussion 

 

Analyzing the aesthetic qualities of satellite imagery is subjective.  However, the mosaics 

generated in this study were shown to 5 professional image analysts who unanimously ranked 

the atmospheric compensation methods for mosaic generation in the following order: DG 

AComp (best), FLAASH and QUAC (worst). 

 

 

Conclusion  
 

The effects of the Earth’s atmosphere on the spectral accuracy of satellite imagery can severely 

impair the ability to conduct accurate analysis of features within an image.  Atmospheric 

compensation attempts to remove the influence of the atmosphere, leaving only the true 

reflectance values of the Earth’s surface.  Atmospheric compensation algorithms  produce 

images that are more true to reality and allow for more accurate image classifications, change 

detections, environmental studies or any other analysis that relies on accurate spectral data.   In 

addition to normalizing images to their true surface reflectance, atmospheric compensation has 

the ability to mitigate the effects of haze.  Therefore, an added benefit to atmospheric 

compensation is the capacity to aid in the production of seamless, aesthetically pleasing 

orthomosaics. 

 

There are many atmospheric compensation algorithms available that attempt to remove the 

effects of the atmosphere from satellite imagery.  This study included a comparison of three 

such algorithms: DG AComp, FLAASH and QUAC.  These atmospheric compensation methods 

were evaluated based on accuracy, ease of use, processing time requirements and mosaic 

implications.  Since FLAASH requires the manual input of atmospheric conditions, images were 

processed through FLAASH twice, once with user estimated atmospheric conditions to  

represent the results of the average user and once with the atmospheric parameters 

automatically obtained from DG AComp to determine if having a priori knowledge of 

atmospheric conditions improves the accuracy of FLAASH. 

 

The most accurate atmospheric compensation algorithm tested was DG AComp which had an 

RMSE nearly half that of the nearest competitor, FLAASH (AComp).  Running FLAASH with the 

atmospheric parameters obtained from DG AComp improved the accuracy of FLAASH by 36% 

over FLAASH (blind).  This provides strong evidence that FLAASH is more accurate when the 

user can utilize measured information from the atmosphere rather than having to make 

estimates based on image characteristics.  However, even with information on atmospheric 

conditions, DG AComp is still significantly more accurate.  QUAC had the worst accuracy of the 



atmospheric compensation methods tested with nearly four times the error as DG AComp.   DG 

AComp tied with QUAC as the easiest algorithm to run.  DG AComp and QUAC only require the 

specification of input and output image while the significantly more complicated FLAASH 

requires preprocessing steps and manual input of image characteristics and atmospheric 

conditions.  When considering the ability of the atmospheric compensation methods to 

produce aesthetically pleasing orthomosaics, again, DG AComp was the top algorithm tested 

followed by FLAASH and then QUAC.  Processing time requirement was the only test where DG 

AComp did not come out on top.  QUAC had the fasted processing times which were about 50% 

faster than DG AComp.  For images smaller than 1,667 km2, FLAASH had the highest processing 

times when preprocessing and manual input time were considered.   

 

 
Figure 18:  Final ranks for each of the evaluated atmospheric compensation algorithms. 

 

So which atmospheric compensation algorithm is the best?  DG AComp scored the highest in 3 

out of 4 tests and scored 2nd in the other test which should make it the clear front runner.  On 

the other hand, as with most scientific methods, it really depends on applications and user 

requirements.  DG AComp would be the obvious choice if accuracy is a main concern of the 

study or if the objective is to create a high quality orthomosaic.  If the user is not concerned 

with accuracy and wants a quick conversion to reflectance, QUAC might be the best choice.  

However, the user would really have to be in a time crunch to choose QUAC over DG AComp 

considering the huge improvement in accuracy with just a 50% increase in processing time.  

Since DG AComp is a relatively new technology and is currently only supported for a limited 

number of sensors, FLAASH would be the most appropriate choice if high accuracy is needed 

and the sensor used is not supported by DG AComp.  



Appendix 1 – Source Imagery Overview 

 

 



 

 
 



 

 
 



 

 
 



Appendix 2 – Box Plots 

Box plots of ASD measurements compared to values obtained by the atmospheric compensation methods for each surface. 
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